Introduction
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Fluorescent dyes have been widely employed in various technologies such as dye 45 tracing, bio-imaging, chemical sensing, and dye lasers (Yuan et al., 2013; 46 47 techniques are powerful tools that enable better understanding of solute transport in the 48 liquid phase under a variety of hydrological conditions by tracking natural tracers and/or 49 spiked artificial tracers. In the field of water and environmental engineering, tracers 50 have been applied to investigate water flow in surface and ground water systems, as 51 well as in laboratory experiments (Goppert and Goldscheider, 2008; Jones and Smith, 52 2005; Sabaliunas et al., 2003) . To be effective, tracers must be absent from (or present 53 in very low concentrations) natural aquatic environments, have high water solubility and 54 low sorptiivity to soil and sediment, be safe, highly detectable, and chemically, 55 physically, and biologically stable. Among a variety of tracers, fluorescent dyes 56 composed of synthetic organic compounds possess most of these characteristics, are 57 cost effective and easy to use, and can be easily identified on-site using a portable 58 fluorometer. Fluorescein is a popular fluorescent dye tracer commonly used in aquatic 59 systems (Sabaliunas et al., 2003; Harden et al., 2008) . Rhodamine 6G is also sometimes 60 used as a fluorescent dye tracer (Kwak et al., 2013) ; however, this compound has been 61 shown to have toxic effects and is therefore generally limited to use in laboratory 62 experiments (Alford et al., 2009) . The difference of two dyes is that fluorescein is 63 anionic and rhodamine 6G is cationic. hydrocarbons (PAHs) in surface water (Ravacha and Rebhun, 1992; Schlautman and 76 Morgan, 1993; Hesketh et al., 1996; Spark and Swift, 2002) (Hesketh et al., 1996; Spark and Swift, 2002; Raber et al., 1998; 81 Yamamoto et al., 2003; Schlautman and Morgan, 1993 
where Φ is the quantum yield, S is the integrated area of the corresponding fluorescence 
where C bound and C total are the bound and total dye concentrations (w/v), respectively.
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Equation 5 can be rearranged as:
The fluorescent intensity of a dye is proportional to its free concentration. Therefore, 173 equation 6 can be rearranged as follows:
We calculated the values of K F ′ and n and obtained a non-linear model by Origin Pro Table 2 K doc , Intercept, K F , n, and r 2 value obtained in this study. 
